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NATURAL AND ANTHROPOGENIC FACTORS IN THE FORMATION
OF THE FLOW OF PLAIN RIVERS OF KAZAKHSTAN
IN THE CONDITIONS OF NON-STATIONARY CLIMATE

The change in the flow of plain rivers in Kazakhstan in recent decades is done due to the influence
of both climatic factors and anthropogenic impacts. Revealing their role is extremely important for un-
derstanding the genesis of hydrological changes that have already occurred and possible in the future,
as well as for taking measures to reduce their undesirable consequences. The complexity of solving this
problem lies in the fact that climatic and anthropogenic changes in river runoff are closely interrelated
and often interact on the runoff not directly, but indirectly. The intensity of anthropogenic impact, the
variability of climate characteristics determine changes in the hydrological regime of water bodies. Cli-
matic variability leads to an increase in the likelihood of adverse hydrometeorological phenomena, and
human economic activity in the watershed and in the riverbed leads to a quantitative and qualitative
change in the main characteristics of the hydrological regime, degradation of river ecosystems. The
changes in the annual runoff of plain rivers are estimated based on the method based on the restoration
of the natural runoff of the last decades, during which significant anthropogenic changes took place. It is
shown that climatic and anthropogenic factors act on the runoff both unidirectionally, increasing or de-
creasing it, and in opposite directions. At the same time, the influence of anthropogenic factors, mainly
reservoirs and water consumption, is commensurate with the influence of climatic factors, and in many
cases exceeds it.

Key words: river runoff, base period, long-term runoff fluctuations, anthropogenic factors, climatic
factors.
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O3repmeni KAMMar xarfaanbiHAA KasakcTaH e3eHAepi aFbIHABICbIH
KAAbINTACTbIPYLLIbI TAOUFU XKOHE aHTPOMNOreHAIK chakTopaap

KasakCTaHHbIH >Ka3bIKTblK, ©63€HAEPi aFbIHAbICbIHbIH COHFbl >XXbIAAAPAAFbl ©3repici KAMMATTBIK,
JKOHE aHTPOroreHAiK akTopAapMeH arkpiHAaAaabl. Kasipri xxeHe 6oaawakTa 6ankaAybl MyMKiH
FMAPOAOIMSIAbIK, ©3repicTepaiH cebebiH TYCiHy >X8He OCbl ©3repiCTepAiH 8CepiHEeH TybIHAAMTbIH
KOAQMCbI3 3apAanTapAbl XeHiAAeTY OoiblHILA WapaAap KabbIAAQY YILIH OAapAbIH POAIH alKbiHAAY
eTe MaHpI3Abl. O3eH aFblHAbICbIHbIH KAMMATTbIK, >X8HE aHTPOMOreHAIK ©3repici e3apa TbIFbI3
6GafAaHbICTbl BOAFAHABIKTAH >XOHE KOer >arFAalAa ©3eH arblHAbICbIHA TiKeAell emMec >kaHama acep
eTEeTIHAIKTEH KOWMbIAFAH MIHAETTepAI ey oTe kypaeAi. Cy HblICaHAQPbIHbIH, TMAPOAOTMSAABIK,
PEe>XMMIHIH ©e3repici aFblHAbIFbl 8Cep eTeTiH aHTPOMNoreHAik (akTopAapAblH, KAPKbIHABIAbIFbI >KoHe
KAMMaTTbIK, ~CMMaTTaMaAapAblH  KyObIAMaAbIAbIFbIMEH — aliKblHAAAAAbl.  KAMMaTTbiH — ©3repriwTiri
KOAQMCbI3 MMAPOMETEOPOAOTUSIABIK, KYObIAbICTAPAbIH KalTaAaHy >KMIAIFIH apTTbhipaAbl, aA Cy >KMHay
aAanTapbl MEH 63eH apHaAapPbIHAQ XXYPri3iAeTiH aAaMHbIH, LWapyallblAbIK, iC-OpeKeTi ©3eHAEPAIH Heri3ri

96 © 2023 Al-Farabi Kazakh National University


https://doi.org/10.26577/JGEM.2023.v69.i2.09
https://orcid.org/0000-0001-9111-3112
https://orcid.org/0000-0001-8614-7262
https://orcid.org/0000-0002-7814-0228
https://orcid.org/0000-0001-6465-9697
https://orcid.org/0000-0002-7353-9125
https://orcid.org/0000-0002-6402-4568
https://orcid.org/0000-0002-1728-7832

M. Moldakhmetov et al.

TMAPOAOTMSABIK CMMATTaMaAaPbIHbIH CAHADIK XKOHE CarnaAblk, ©3repiciHe, ©3eH 3K0XXYyMecCiHiH 6y3bIAyblHa
AAbIM KeAeAi. 3epTTey TakblpblObIHbIH ©3EKTIAIr 63€HAEPAEH aAbIHATbIH CYy KOAEMIHIH apTybiHa, CYAbl
TYTbIHY KOAEMIHIH, YAFAIObIHA >KOHE KAMMATTbIH KOAAMCbI3 e3repicTepiHe 6ariAaHbICTbl Cy pecypcTapbl
>KeTicneyLiAiriMeH aHblkTaAaAbl. Ka3bIKTblK, ©3€HAEPAIH >KbIAABIK, aFbIHABICbIHbIH, ©3repici COHFbl
OHXKbIAABIKTAP ilIHAE aMTapAbIKTai aHTPOMOreHAIK ©3repicke ylublparaH TabuFn aFbIHAbIHbI KAATMbIHA
KEATIpY 8AiCi apKbiAbl 6aranaHaabl. ByA MakcaTTa Cy pexxmmi CaAbICTbIPMaAbl a3 e3repicke yuibiparaH
63eHAEepPAIH  (KQpacTbIPbIAbIN OTbIpFAaH 63EHAEPAIH CaAaAapbl MeH >KOFapfbl afbICbl) aFbIHABICHI
JKOHIHAETI AepekTep naiAaAaHbIAAbl. KaAnbiHA KEATIpIAreH aFbIHAbI AepeKTepi OCbl Ke3eH, apaAblFblIHAQ
AHTPOINOreHAIK e3repicke yllblparaH aFbIHAbI AepeKTepPiMEH YKaHe OFaH AeMiHI aHTPOMOreHAIK aCepAl
eckepmeyre 6oAaTbIH HETi3ri Ke3eH aFbIHAbICBIMEH CaAbICTbIPbIAAbL. KAMMATTbIK, )XKOHEe aHTPOMOreHAIK
hakTopAap ©3eH arblHAbICbIH 6ip 6aFblTTa yAFalTaTbiHbl HEMECE a3amTaTbiHbl, COHAAM-aK, Kapama-
Kapcbl 6arbiTTa acep eteTiHi kepceTiareH. OHbIH YCTiHE aHTPOMOreHAIK (hakTOpAapAbIH HerisiHeH
GereHAEp MeH Cy TYTbIHYAbIH afblHAbIFA TUIi3€TiH bIKMaAbl KAMMATTbIK, (DAKTOPAAPAbIH, bIKNaAbIMEH
LLIAMAAAC >KeHe Ker XarAalnAa OAAH acbin TYCEAI.

Ty#iH ce3aep: 63eH arblHAbICbI, HETi3ri Ke3€eH, aFbIHAbIHbIH KOMKbIAABIK, TEPOEAICI, aHTPOMOreHA K
hakTOpAap, KAMMATTbIK, (hakTOpAap.
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MpupoaHbie M aHTponoreHHble hakTopbl B DOPMHUPOBAHMM CTOKA
paBHMHHbIX pek Ka3axcTaHa B yCAOBMSIX HECTALLMOHAPHOCTH KAMMATA

M3meHeHWe CToKa paBHMHHbIX pek KasaxcTaHa B MOCAEAHME AECATUAETHS 0OYCAOBAEHO BAMSIHUEM,
KaK KAMMATMUYeCKMX PakTOpPOB, TaK M aHTPOMOreHHbIX BO3AENCTBUIA. BbISIBUTb MX POAb Upe3BblUYaHO
BAXKHO AASl MOHMMAHMS FEHE3MCa Y>Ke MPOM3OLLEALLMX M BO3MOXKHbBIX B OYAYLLEM TMAPOAOrMYECKMX
M3MEHEHMI, a TaKXKe AAS MPUHATUS MeP MO CHUXKEHUIO UX HEXXeAATEAbHbIX MOCAEACTBUIA. CAOXKHOCTb
peLleH1s 3TOM 3aAaUM 3aKAIOYAETCS B TOM, YTO KAMMATUYECKME U aHTPOMOreHHble M3MEHEHUSI PEYHOTO
CTOKA TECHO B3aMMOCBS3aHbl M YaCTO B3aMMOAEMCTBYIOT Ha CTOK HE HEMOCPEeACTBEHHO, @ KOCBEHHO.
MHTEHCMBHOCTb aHTPOMOreHHOI 0 BO3AEMCTBMS, BApUabEAbHOCTb XapaKTEPUCTUK KAMMATA OMPEAEASIIOT
U3MEHEHMS TUAPOAOTMUYECKOTO PEXMMA BOAHBIX 06bEKTOB. KAMMaTnyeckasl M3MEHUYMBOCTb MPUBOAUT
K YBEAMUYEHMIO BEPOSTHOCTU HEGAQrONPUSTHBLIX TMAPOMETEOPOAOIMUYECKMX IBAEHMI, @ XO3SMCTBEHHas!
AESTEeAbHOCTb YeAOBEKA Ha BOAOCOOPE U B PYCAE PEKM MPUBOAUT K KOAUUYECTBEHHOMY M KQUECTBEHHOMY
M3MEHEHMIO OCHOBHbIX XapaKTEPUCTUK MTMAPOAOTMYECKOrO PEXNMA, AErPaAaLn PeUHbIX SKOCUCTEM.
AKTYaAbHOCTb TeMbl MCCAEAOBAHUI OMPEAEASEeTCS HapacTaloWMM AePUUMTOM BOAHBIX PecypcoB
B CBSI3U C YBEAMYEHMEM M3bATHS 0ObEMOB BOAbI U3 PEK, YBEAMUEHMEM OOBHEMOB BOAOMOTPEOAEHUS
M HeBAAronpuaTHbIMA  KAMMATUUYECKMMM TeHAeHUMSAMM. OueHeHbl M3MEHEHMs TOAOBOro CTOKa
PaBHUHHbBIX PeK Ha OCHOBE METOAQ, OCHOBAHHOIO Ha BOCCTAaHOBAEHUM €CTECTBEHHOIO CTOKA MOCAEAHMX
AECITUAETUIA, B TeUYeHWe KOTOPbIX MPOUCXOAMAU €ro CyLLeCTBEHHble aHTPOMOreHHble W3MEHeHMs.
AAS 3TUX LieAeit MICMOAb30BaHbl A@HHble O CTOKe pek (MPUTOKOB pacCMaTPMBAEMbIX PEK M UX BEPXHUX
yacrten), BOAHbIA PEXMM KOTOPbIX OTHOCMTEAbHO CAABO M3MEHEH aHTPOMOreHHbIM BO3AEMCTBMEM.
AaHHble 0 BOCCTQHOBAEHHOM PEYHOM CTOKE CPaBHMBAAUCh C aHTPOMOreHHO-M3MEHEHHbIM CTOKOM 3a
3TOT MEepUoA U 3a MPEALLECTBYIOWMIA eMy 6a30Bblil MEPUOA, KOFAA aHTPOMOreHHbIM BO3AEMCTBMEM
MO>KHO npeHebpeyb. [MokasaHo, YTO KAMMATUYECKME M aHTPOMOreHHble (pakTopbl AEMCTBYIOT Ha CTOK
KaK OAHOHArNpaBAEHHO, YBEAMUMBAS MAWM YMEHbLLAs ero, Tak M B MPOTUBOMOAOXHbIX HarpaBAEHUSIX.
[pu 3TOM BAMSIHME QHTPOMOreHHbIX (DaKTOPOB, FAABHbIM 06Pa30M BOAOXPaHMAMLL U BOAONOTPEOAEHUS,
COU3MEPUMO C BAMSIHWMEM KAMMATMYeCKMX (PaKTOPOB, @ BO MHOIMX CAyYasiX MPEBOCXOAMUT ero.

KAtoueBble cAOBa: peyHOi CTOK, 6a30BblIi1 NEPUOA, MHOTOAETHME KoAeBaHMs CTOKA, aHTPOMOreHHble
haKkTOpbl, KAMMaTUYECKMe PaKTOpbl.

Introduction flow. In the basins of lowland rivers in Kazakhstan,
over the past few decades there has been a marked

Significant changes in climatic conditions and  warming of the climate, which is accompanied by
the rapid transformation of the economic complex in  an expand in air temperature and, to a lesser degree,
recent decades have led to negative changes inriver  in atmospheric moisture. These changes are char-
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acterized by considerable spatial heterogeneity and
lead to multidirectional changes in flow. They are
superimposed on changes caused by a wide range of
anthropogenic influences, both in river channels and
in their watersheds. At the same time, the ratio of the
contribution of natural-climatic and anthropogenic
factors in the occurring and scenario changes in the
flow remains insufficiently studied, despite the stud-
ies conducted by scientists-hydrologists.

The territory of Kazakhstan is characterized by
uneven distribution of water resources in space and
time, the possibility of using water resources has
reached such a size that the flow deficit has become
a limiting factor for socio-economic growth of the
area. At present, major water problems are clearly
observed in the river basins, which in a few years
may become a factor hindering the socio-economic
development of the region. Therefore, it is necessary
to take urgent measures taking into account long-
term nature of water projects development and im-
plementation.

The flow of the lowland rivers of Kazakhstan is
characterized by long-term changes that are caused
by natural-climatic and anthropogenic factors. A
large number of scientific studies have been devoted
to the dynamics of long-term changes in river flow
and the role of individual factors of such changes
(Galperin et al., 2012; Shiklomanov, 2008; Ko-
ronkevich et al., 2003; Shiklomanov, 1989; Shik-
lomanov, 1979). While identifying separately the
contribution of climatic and anthropogenic factors
to these changes remains one of the urgent prob-
lems. First of all, the issue is the difficulty of sep-
arating their influence on river flow, since natural
and anthropogenic factors act simultaneously and
are closely interrelated. Various studies and assess-
ments of the contribution of factors are often timed
to different time periods and there remain periods
not covered by scientific research (Dostay et al.,
2012; Abishev et al., 2016; Georgiadi et al., 2014;
Georgiadi et al., 2009; Koronkevich, 1990).

The list of anthropogenic factors taken into
account significantly differs, and indirect anthro-
pogenic influences on runoff are rarely taken into
account. Different methods are used in studies to
identify the hydrological role of climatic and an-
thropogenic factors and to assess the ratio of these
factors in hydrological changes (Alimkulov et al.,
2018; Koronkevich etal., 2015; Andreyanov, 1959;
Kuzin, 1970; Alimkulov et al., 2021; Georgiadi et
al., 2012; Georgiadi et al., 2014; Moldakhmetov et
al., 2014; Moldakhmetov et al., 2020; Georgiadi et
al., 2017).
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According to Sustainable Development Goal
6, “Ensure availability and sustainable use of wa-
ter resources and sanitation for all,” by 2030 it is
necessary to significantly improve the efficiency of
water use in all sectors of the economy (ensuring
sustainable freshwater abstraction and supply to
address scarcity) and ensure integrated water re-
sources management at all levels. Under the Goal
13 “Take urgent action to combat climate change
and its effects” requires the inclusion of responses to
climate change in policies, strategies and planning
at the national level and the adoption of meaningful
measures to mitigate the effects of climate change
(World Sustainable Development Report, 2020).

In the late XX and early XXI centuries, the ac-
complished fact of global warming was acknowl-
edged (Galperin et al., 2012; Shiklomanov, 2008;
Koronkevich et al., 2003; Shiklomanov, 1989;
Modern global changes in the natural environment,
2006; Georgievsky, 1996), but the debate about the
causes of contemporary climate change remains in-
complete. Many scientists acknowledge the fact of
anthropogenic climate change due to carbon dioxide
accumulation in the atmosphere, while others firm-
ly believe that the energy power of the processes
taking place in the natural cycle is some orders of
magnitude higher than the technogenic energy capa-
bilities. Rhythms of space, natural rhythmicity and
its phases have a significant influence on many pro-
cesses occurring on the Earth, including long-term
fluctuations of river runoff, which is an integral in-
dicator of climate change (Ineson et al., 2015; Gray
et al., 2010).

The problem of global climate change and its
forecast is now given great attention in the world;
this problem is reflected, in particular, in the fol-
lowing scientific works (Makhmudova et al., 2021;
Frolova et al., 2013; Meleshko, 2008). According to
scientific research given in (Meleshko, 2008) it fol-
lows that at least since the beginning of XX century
the global problem has been growing — according to
smoothed values by 0.75 °C. After a temporary cool-
ing from the mid-1940s to the mid-1960s, there was
already a continuous rise in temperature, but, it is
very indicative, an exceptionally powerful warming
since the mid-1970s. This phenomenon was noted
much earlier — so, O.A. Drozdov (Drozdov, 1992)
pointed out that a new warming in the world be-
gan in 1973 and, on this basis, doubt was expressed
about the possibility of predicting future water re-
sources on the basis of long series of observations.
According to V.P. Meleshko’s research (Meleshko,
2008) the probability of warming since the mid-20th
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century is related to the concentration of greenhouse
gases more than 90 %, it follows that warming will
continue (Makhmudova et al., 2021).

As for anthropogenic changes in runoff of the
last modern period, they are quite reasonably dis-
turbing for humanity. These changes really exist,
but their values are not comparable with natural
cyclical climate changes of different nature. The
danger of anthropogenic changes lies in their irre-
versibility. Besides, a combination of accumulating
anthropogenic and cyclic natural climate changes is
dangerous because there are periods of years when
anthropogenic and natural changes are directed in
the same direction and can manifest with threaten-
ing rapidity, so minimizing the anthropogenic com-
ponent is a safety net for mankind.

For a reliable integrated assessment of water re-
sources and water availability in the basin or region
for the present and future, in addition to data on fluc-
tuations in river flow, it is necessary to quantify its
changes under the influence of climatic and anthro-
pogenic factors.

According to the research of the following au-
thors (Alimkulov et al., 2018) since the one thousand
nine hundred seventy, the relevance of dependable
assessment of water resources and their projected
changes below the influence of economic action has
increased even more in connection with the genuine
problem of changes in global and regional climat-
ic characteristics. These changes are already taking
space in the plain rivers of Kazakhstan and can lead
to large-scale transformations of the hydrological
cycle, changes in water resources and their use, dis-
tribution in time and space, extreme characteristics
of river flow and their variability.

Scientific studies (Meleshko, 2008) contain the
following statement, in the distribution of water re-
sources in the future: in areas of excessive moisture
water resources will increase, and in areas where
water availability is now insufficient, its further re-
duction is foreseen. Apparently, such feature of wa-
ter resources dynamics is typical for Kazakhstan as
well. Indeed, in the inland areas of middle latitudes,
increasing temperature causes an increase in evap-
oration, reducing the period of snow accumulation
(Makhmudova et al., 2021; Moldakhmetov et al.,
2013), which has a negative impact on river runoff.

Anthropogenic changes in climatic characteris-
tics are so significant that they have led to significant
violations of the hydrological cycle, the quantity of
water resources, their distribution over time and
territory, the extreme characteristics of river flow
and their variability, which cannot be ignored when

developing long-term integrated use plans when de-
signing long-term water management measures (Al-
imkulov et al., 2018).

Most of the researches devoted to the study of
water resources of Kazakhstan and the regularities
of their spatial and temporal changes operate with
the values of annual runoff and inter-annual variabil-
ity (Shults, 1965; Sosedov, 1984; Boldyrev, 1965;
Galperin, 1970; Dostaev, 1990). Far fewer works
study the maximum and minimum flow, intra-annu-
al regime and other hydrological issues of narrow
focus (Boldyrev, 1965; Galperin, 1970; Dostaev,
1990). Meanwhile, the annual values of river runoff
consist of water volumes of individual genetically
based phases of its formation, during which, in fact,
significant responses to climatic and anthropogenic
changes are observed.

The first major works that carried out compre-
hensive hydrological studies, including the water
regime and intra-annual flow distribution of rivers
in Kazakhstan, were the series of monographs “Sur-
face Water Resources of the USSR”, published in
1950-1970. Peculiarities of the regularities of flow
formation, distribution, and water regime of indi-
vidual regions of Kazakhstan were considered in the
works of Soviet scientists (Kuzin, 1953; Berkaliev,
1959). The early works of Kazakh scientists such
as V.M. Boldyrev, R.I. Galperin, S.K. Davletgaliev,
A.A. Tursunov, J.D. Dostay, and others also belong
to this group (Boldyrev et al., 1994; Galperin, 1992).
It should be noted that in all works of this period,
hydrological assessments were carried out from the
position of climate stationarity and flow formation
processes.

In scientific researches of foreign authors
(Hughes et al., 2000; Technical report, 2010; Peka-
rova et al., 2008; Piniewski et al., 2011), methods
and principles of trends accounting, water resourc-
es assessment, water regime changes are given.
These works are aimed at studying water regime
and management developed by methodologies fi-
nanced by water departments of countries and UN-
ESCO. In recent years, it is possible to note studies
of the impact of climate change on river flow in the
works of scientists of the Institute of Water Prob-
lems of the Russian Academy of Sciences A. Geor-
giadi, N. Koronkevich, 1. Milyukova, A. Kislov,
O. Anisimov, E. Barabanova, etc. (Report on re-
search, 2012) on the rivers of the Arctic basin and
the Russian plain.

Therefore, the relevance of the topic is deter-
mined by the growing scarcity of water resources
due to increased withdrawal of water from rivers,
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unfavourable climatic trends, and increase in water
consumption.

The main goal — study of long-term trends in
flow changes in the plain river basins under climate
variability and anthropogenic load for effective de-
cision-making on water resources management,
sustainable development of the region and food se-
curity.

Materials and methods

When performing various methods and tech-
niques were used for research work, such as: ana-
lytical generalization of known scientific and scien-
tific-technical results; content — analysis; methods
of system analysis; statistical methods (analysis of
linear trends in multi-year runoff fluctuations; com-
parison of annual and seasonal runoff values for
multi-year periods with the same meteorological
characteristics, but with different levels of econom-
ic activity development; methods of hydrological
analogy; numerous correlations between runoff and
meteorological characteristics; analysis of runoff
dependencies in catchment areas where it is formed
and used for economic needs; territorial multiple de-
pendencies of river runoff on physical-geographical,
meteorological and anthropogenic factors); quanti-
tative methods; methods of probability theory and
mathematical statistics.

To solve these problems, studies have been con-
ducted based on methods common in hydrology,
considering the spatial patterns of changes in riv-
er flow, such as a comprehensive physical and ge-
ographical analysis, taking into account factors of
formation and flow changes, as well as climate mod-
ify and anthropogenic influence will be performed.

Hydrological calculations were performed in
accordance with the regulatory document SP 33-
101-2003 and Methodical Recommendations (Code
of Rules, 2004; Rozhdestvensky et al., 2009; Rozh-
destvensky et al., 2007; Rozhdestvensky et al., 2010;
Standard of the organization, 2017).

The data of RSE (Republican State Enterprise)
“Kazhydromet” were used as source materials for
the implementation of research works — data from
observations on the hydrological and meteorologi-
cal network of plain rivers of Kazakhstan (average
monthly, annual, seasonal flow of the rivers in ques-
tion, monitoring of meteorological data) for the en-
tire period of instrumental observation.

The research concept is based on an independ-
ent approach, in which the integral assessment of the
influence of the flow factors under consideration is
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based on the reconstruction of the conditional-natu-
ral annual flow. Using regression relations of annual
and seasonal flow of large rivers and their tributaries
(river indicators) located in the area of flow forma-
tion of the main river under conditions of relatively
low anthropogenic impact, and comparison of the
restored flow with the actual flow (Georgiadi et
al., 2013; Georgiadi et al., 2019). The developed
approach gives an opportunity to reveal long-term
integral changes of river runoff — assessment of riv-
er runoff changes caused by natural-climatic fac-
tors (according to relations between runoff of the
main-river and river indicators).

For each river in the study basins, the boundaries
of base periods, average values of annual and
seasonal runoff and their difference are calculated
for these periods (the difference will show the
total changes in the runoff, which occurred under
the influence of both anthropogenic impacts and
climatic factors).

To determine the contribution of anthropogenic
and climatic factors in the total change of annual
and seasonal runoff, the method based on the
reconstruction of natural runoff of the studied
rivers was applied. The method is founded on
regression relations between runoff of large rivers
and their tributaries. For this method, assessment
of the contribution of anthropogenic impacts and
climatic changes in the total runoff changes is based
on comparing the runoff for the baseline period,
which was relatively weakly affected by economic
activities, with the actual and restored (conditionally
natural) runoff for the period of significant
anthropogenic impact (Georgiadi et al., 2019).

Studies of long-term flow changes are based
on the concept of long-term phases of increased or
decreased water availability and the influence of
anthropogenic factors on them (based on which the
contribution of natural-climatic and anthropogenic
factors to the observed changes in annual and
seasonal flow is estimated) (Georgiadi et al., 2020).

Methodological methods, based mainly on the
use of network observations, provide only an integral
assessment of the impact of a set of anthropogenic
factors in the basin, but do not allow to identify
the role of each factor individually and thus do not
always provide the possibility of scientifically based
forecasts of the river regime in the future, taking into
account economic development plans. Therefore,
for watersheds with intensive use of water resources,
assessment of flow changes should be made in
parallel by two mutually independent methods,
namely by restoring the conditionally natural
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annual runoff using regression relationships and by
analyzing long-term water discharge fluctuations
in gauging stations (with regard for meteorological
factors fluctuations). When calculating for the future,
it is important to assess runoff changes under the
influence of economic activity not only for average
water availability, but also for exceptionally low-
water and high-water years. In general, the above
methods together serve as a methodological basis
for achieving the goals of the scientific researches
and the chosen scientific approach.

Results and discussion

Choosing a billing period in a changing climate
for such a large and complex orographically territory
as lowland Kazakhstan is very difficult. Firstly,
it’s challenging to expect complete consistency of
fluctuations in the hydro-climatic characteristics
in all basins. Secondly, river flow is affected by
economic activity, but it’s not the same in different
parts of the territory and varies significantly over
time. Further, it’s quite obvious that the common
hydroclimatic patterns should be better manifested
in large basins. In nearly all large and medium rivers
of flat Kazakhstan, the climatic flow is strongly

Table 1 — Low-water and high-water periods on plain rivers

distorted, in particular, by reservoirs (Makhmudova
et al., 2021). When analyzing, one should keep in
mind the features of runoff time series in a significant
part of Kazakhstan: exceptional, unparalleled, low
water in the 1930s, and very high runoff in the
1940s (Galperin et al., 2003). Difference integral
curves are widely used to identify the phases of
increased and decreased water content of rivers, the
moments of change of these phases. But, it should
be borne in mind that they illustrate the course of
the accumulated anomaly only relative to the sample
mean. An analysis of the river runoff dynamics in
the region under consideration shows that runoff
fluctuations occur cyclically (Table 1), which has
been repeatedly noted by most researchers (Galperin
et al., 2003; Makhmudova et al., 2021). An analysis
of the data for all hydrological series of the territory
under consideration reveals one common feature
of the long-term course — the increase in runoff
values since the mid-1970s regardless of whether
this period belongs to the low-water or high-water
phase. The moment of transition to the high-water
phase corresponds to the data on the long-term
variation of global meteorological characteristics
(Shiklomanov, 2008; Modern global changes in the
natural environment, 2006).

Low water periods High water periods Average

Average Average Cycle consumption

Period, years | Cycle, yy. | consumption for | Period,yy. | Cycle,yy. |consumption for| duration | for the period,
the period, m*/s the period, m*/s m’/s

Tobyl — Kostanay
1931-1939 9 5.85 1940-1943 4 36.4 13 15.2
1944-1945 2 7.46 1946-1953 259 10 22.2
1954-1956 3 6.93 1957-1964 8 15.5 11 13.1
1965-1969 5 2.09 1970-1973 3 17.6 9 8.46
1974-1984 11 1.94 1985-1986 2 11.1 13 3.35
1987-1989 3 4.57 1990-1994 5 23.4 8 16.3
1995-1996 2 4.23 1997-2005 9 16.1 11 14.0
2006-2011 6 5.58 2012-2019 8 7.26 14 6.54
Yesil — Petropavlovsk

1933-1939 7 13.9 1940-1949 10 111 17 70.7
1950-1953 4 18.7 1954-1964 11 66.8 15 54.0
1965-1969 5 22.8 1970-1974 5 67.2 10 45.0
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Table continuation

Low water periods High water periods Average
Average Average Cycle consumption
Period, years | Cycle, yy. | consumption for | Period,yy. | Cyecle,yy. |consumption for | duration | for the period,

the period, m%/s the period, m%/s m/s
1975-1982 8 26.5 1983-1997 15 81.9 23 62.7
1998-2001 4 15.5 2002-2007 6 69.6 10 48.0
2008-2013 6 19.5 2014-2019 6 112 12 65.7

Nura — Romanovka
1933-1937 7 6.11 1940-1943 4 19.7 11 11.1
1944-1947 4 14.1 1948-1950 3 38.1 7 24.4
1951-1953 3 8.58 1954-1955 2 24.5 5 15.0
1956-1957 2 6.74 1958-1962 5 30.4 7 23.6
1963-1970 8 8.80 1971-1973 3 28.3 11 14.1
1974-1977 4 13.5 1978-1979 2 22.6 6 16.6
1980-1982 3 13.2 1983-1993 11 342 14 29.7
1994-2001 8 13.6 2002-2004 3 29.1 11 17.8
2005-2014 10 11.4 2015-2019 5 65.7 15 30.0
Sarysu — Ne189

1932-1939 8 0.64 1940-1945 6 3.77 14 1.98
1946-1947 2 0.28 1948-1949 2 8.18 4 4.23
1950-1953 4 0.69 1954-1955 2 8.91 6 343
1956-1957 2 0.31 1958-1960 3 5.90 5 3.66
1961-1963 3 0.52 1964-1966 3 3.36 6 1.94
1967-1968 2 0.14 1969-1973 5 4.61 7 3.33
1974-1975 2 0.47 1976-1977 2 3.30 4 1.89
1978-1979 2 1.29 1980-1992 13 3.82 15 3.48
1993-2001 9 1.84 2002-2006 5 2.91 14 2.22
2007-2014 8 0.78 2015-2019 5 12.0 13 5.10

At the hydrological post Tobyl — Kostanay city
over the period of instrumental observations, two
complete cycles were identified (1940-1989 and
1990-2019 yy.). High-water phases lasting from 2 to
9 years are replaced by low-water phases lasting from
2 to 11 years, the duration of cycles is from 8 to 14
years. The lowest average annual water discharges in
Kostanay were observed in 1979 (0.93 m?/s) and in
1977 (1.02 m?/s). The highest average annual water
discharges were observed in 1942 (64.5 m¥/s), in
1947 (63.0 m%/s), and in 1941 (58.2 m®/s).
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In the closing section at the hydrological
post of the river Yesil — Petropavlovsk over the
period of instrumental observations revealed two
complete cycles (1940-1982 and 1983-2013 yy.).
High-water phases lasting 5-15 years are replaced
by low-water phases lasting from 4 to 8§ years, the
duration of cycles is from 10 to 23 years. The lowest
average annual water discharges in Petropavlovsk
were observed in 1968 (1.38 m?/s) and in 1977
(7.26 m3/s). The highest average annual water
discharges were observed in 1948 (227 m’/s), in
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1941 (175 m3/s), in 2007 (139 m?/s) and in 1990
(127 m¥/s).

In the closing section at the hydrological post
of the river Nura — Romanovka over the period of
instrumental observations revealed two complete
cycles (1940-1982 and 1983-2014 yy.). High-water
phases lasting 2-11 years are replaced by low-water
phases lasting from 2 to 10 years, the duration of
cycles is from 5 to 15 years. The lowest average
annual water consumption in the village Romanovka
were observed in 1939 (1.44 m¥s) and in 1936
(1.52 m?/s). The highest average annual water
discharges were observed in 1993 (63.6 m*/s), 1990
(62.4 m’/s), 1949 (54.6 m?/s), and 1948 (51.6 m?/s).

At the hydrological post Sarysu — Ne 189
over the period of instrumental observations, two
complete cycles were revealed (1940-1979 and
1980-2014 yy.). High-water phases lasting from
2 to 13 years are replaced by low-water phases
lasting from 2 to 9 years, the duration of cycles is
from 4 to 15 years. The lowest average annual water
discharges were observed in 1937 (0.010 m?/s) and
in 1947 (0.092 m¥/s). The highest average annual
water discharges were observed in 2015 (29.3 m¥/s),
in 2017 (15.4 m*/s), and in 1949 (11.9 m¥/s).

Atmospheric circulation processes have a
decisive influence on the distribution of the cyclic

phases of climate elements and the hydrological
regime over the territory. In addition, the conditions
of the underlying surface also play a significant role
in this distribution, particularly in relation to the
cyclic phases of precipitation and river runoff. The
revealed runoff cyclicity can be associated both with
the regulating capacity of watersheds and with other
factors (peculiarities of atmospheric circulation,
etc.). A reflection of climatic variability can also
be a modify in runoff variation over time. Water
cycles are understood as a series of adjacent runoff
years, including one low-water and one high-water
grouping of years of the same order of duration.
Changes in water content in these periods are due
to the predominance of certain types of atmospheric
circulations.

The concept of the study makes it possible to
identify long-term integral changes in river runoff
— an assessment of the modify in river runoff due
to natural and climatic factors (by relationships
between the flow of the main river and the flow of
indicator-rivers). At the same time, as it can be seen,
the boundaries of the periods differ on the rivers
(Table 2) under consideration, which is explained by
the time of the onset of a significant anthropogenic
impact (Galperin et al., 2012; Makhmudova et al.,
2021; Meshyk et al., 2022; Georgiadi et al., 2020).

Table 2 — Change in the volume of annual runoff under the total impact influence of climatic and anthropogenic factors, relative to

the base period

Base period Period of s1g.m.ﬁcant Flow change
anthropogenic impact
River — point f
runoff volume, runoff volume, | average for the year total,
years i 3 years i 3 i 3
million m million m million m? % million m

Tobyl — Kostanay 1931-1963 523 1964-2019 293 -230 -44.0 -12880
Yesil — Astana 1933-1970 183 1971-2019 129 -54.0 -29.5 -2646
Yesil — Kamennyi Karier | 1933-1970 1302 1971-2019 1211 -91.0 -6.99 -4459
Yesil — Petropavlovsk 1932-1970 1772 1971-2019 1930 158 8.92 7742
Nura — Balykty 1935-1973 189 1974-2019 325 136 72.0 6256
Nura — Romanovka 1933-1973 529 1974-2019 636 107 20.2 4922
Sarysu — Ne189 1932-1965 84.7 1966-2019 80.7 -4.00 -4.72 =216

Changes in the annual runoff on the rivers that is
under consideration (Table 2) had a multidirectional
character — the total runoff on the Tobyl River during
the period of significant anthropogenic impact
decreased, and on the Nura River it increased due

to the transfer of runoff from the Ertis — Karaganda
canal. At the same time, the runoff of Tobyl near
the city of Kostanay changed most noticeably
in 1964-2019 decreased in comparison with the
base period by more than 12800 million m® (over
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200 million m?/year), on the river Yesil in the
alignment of Astana for the period from 1971-2019
the decrease in annual runoff amounted to more
than 2600 million m* (about 50 million m?/year),
on the river Sarysu decline in annual runoff over
the period from 1966-2019 amounted to more than
200 million m* (5 million m?/year), which had a
very negative impact on the water management and
hydro ecological situation in the basins.

When restoring the conditionally natural runoff,
it’s taken into account: long-term data relating to
the period before the onset of a noticeable impact of
anthropogenic factors; the second part consists of a
long-termseries, theannual runoffinwhichischanged

to varying degrees as a result of the anthropogenic
factors impact (Georgiadi et al., 2019). The annual
runoff was restored by two methods. One of them
proceeds from regression relationships between
the runoff of the main river and the runoff of rivers
that are indicators of climatic conditions (tributaries
and upper parts of the main river), characterized
by relatively feeble anthropogenic disturbances of
the water regime. One of the first to use it was [.A.
Shiklomanov (Shiklomanov, 1989; Shiklomanov,
1979). In the Table 3 shows the results of assessing
the contribution of climatic and anthropogenic
factors to these changes, calculated using the
restoring conditionally natural flow method.

Table 3 — Changes in annual runoff over the period of significant anthropogenic impact, calculated by the restoring its conditionally

natural values method, million m?

Anthropogenic changes Climate change
River — point
total for the period average for the year total for the period average for the year

Tobyl — Kostanay — 10416 - 186 —2464 —44
Yesil — Petropavlovsk —13328 -272 21070 430
Nura — Balykty 3404 74.0 2852 62.0
Nura — Romanovka — 5566 -121 10488 228
Sarysu — Ne189 — 1528 -28.3 1312 243

As follows from Table 3, anthropogenic and
climatic changes in the annual runoff on the riv-
er Tobyl were unidirectional — downward, and
the share of anthropogenic changes is more than
80 %, respectively, the share of climate change is
20 %. On the rivers Yesil, Nura, Sarysu, the effect
of anthropogenic and climatic factors was multi-
directional with the predominant influence of an-
thropogenic factors. On the river Nura, the share
of anthropogenic changes in the upper reaches is
more than 54 %, respectively, the share of climate
changes is 46 %, in the lower reaches 87 and 13 %,
respectively.

Conclusion

The conducted scientific research is devoted to
the complex problem of assessing the role of natu-
ral and anthropogenic factors in the formation of the
flow of plain rivers. The main emphasis in solving
these studies was placed on the problems of non-sta-
tionary climate and the uncertainty of hydrological
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phenomena. The results of scientific research have
shown that there is every reason to believe that a
certain phase of climate and runoff, which charac-
terizes the current period, began in the 60-70s. XX
century, the intensification of economic activity in
Kazakhstan also occurred during this period. From
the 70s in the XX century, a new phase began in
the changes in the water resources of vast territo-
ries, with some slowing down of the process or even
grouping of years of the opposite sign of the anoma-
ly from the end of the 90s do not give grounds to be-
lieve that this phase has ended and been replaced by
a new one, these are just random groupings against
the backdrop of an established trend. The modern
period in the long-term course of the water content
of the rivers of the territory under consideration can
be considered the period from the mid-70s to the last
century. For the rivers of the river basin Tobyl is
characterized by runoff cyclicity from 8 to 14 years,
for the river Yesil is characterized by a cyclic flow
with a period of 10-23 years, for the basin of the riv-
er Nura from 5 to 15 years and for the rivers of the
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river basin Sarysu is characterized by runoff cycles
from 4 to 15 years.

The obtained estimates of changes in the volume
of annual runoff under the influence of the climatic
and anthropogenic factors total impact of relative to
the base period showed the following:

— Tobyl — the decrease in runoff is more than
40 %;

— Yesil in the alignment of Astana, the decrease
leaves 30 %, further downstream in the alignment
with Kamennyi Karier — 7 %;

— Nura — increase in runoff due to the transfer of
runoft from the Ertis — Karaganda canal;

— Sarysu — the decrease in runoff is 5 %.

An assessment of the anthropogenic and climat-
ic factors contribution to changes in annual runoff
observed river basins: Tobyl, Yesil, Nura, Sarysu,
showed the following picture — the share of an-

thropogenic and climatic factors in the decrease in
annual runoff when using the method of restoring
conditionally natural runoff is estimated on the river
Tobyl in 80 % and 20 %; on the river Yesil 70 % and
30 %; on the river Nura 87 % and 13 % respectively.

The practical significance of the research results
lies in the following: the identified long-term and
seasonal patterns of the main hydrological character-
istics of the plain rivers of Kazakhstan will make it
possible to plan and adjust economic activities in the
watersheds of the rivers under consideration in con-
ditions of climate variability. The results obtained
are necessary as recommendations on the current
volumes of rational water use and water consump-
tion in the context of climate change and the impact
of human economic activity, in order to change the
irrigated areas and plans for the development of the
agro-industrial complex.
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